Objective: Estimating the incidence and mortality rate of cervical cancer became necessary to establish prevention measures and healthy policies. The aim of this study was to estimate the updated incidence and mortality rate of cervical cancer in 2013 in China.
Introduction
Over the past 30 years, the increasing proportion of young women affected by cervical cancer has ranged from 10% to 40%. According to the World Health Organization and International Agency for Research on Cancer estimates (1), the year 2008 saw 529,000 new cases of cervical cancer globally. In developing countries, the number of new cases of cervical cancer was 452,000, and ranked second among malignancies in female patients. Conversely, the number of new cases of cervical cancer was 77,000 in developed countries, and ranked tenth among female malignancies.
Per the Surveillance, Epidemiology, and End Results (SEER) data, the trend of both the incidence and mortality rate of cervical cancer showed a decline in the USA (2); however, the mortality rate showed an increasing trend in urban China (3) . The highest incidence of cervical cancer was reported in Malawi and Zimbabwe, although the incidence is also high in parts of Central and South America. However, the incidence of cervical cancer was found to be lower in regions with a high human development index. The 5-year survival rate among women diagnosed with cervical cancer varies greatly from ≥70% in developed countries to <60% in low-income regions (4) . Many factors such as social health inequities (5), place of residence, education (6) , and human papilloma virus (HPV) vaccine coverage (7) have a strong impact on the incidence and survival rate of cervical cancer. Implementation of organized screening and prevention policies for cancer depends on high-quality cancer registry data. This study analyzed the incidence and mortality rate of cervical cancer based on the latest cancer registry data from whole country of China mainland in order to provide the updated epidemiological characteristic of cervical cancer for its prevention.
Materials and methods

Cancer registration in China
The National Central Cancer Registry (NCCR), National Cancer Center is in charge of population-based cancer registry in China (8) (11) . These data were reviewed and checked using MS-FoxPro, MS-Excel, SAS and IARCcrg Tools (12) . The comparability, validity and timeliness of data were evaluated by indicators, including of the percentage of cases with morphological verification (MV) (%), the percentage of death certificate only cases (DCO) (%), mortality-to-incidence ratio (M/I) and the percentage of the diagnosis of unknown basis (UB) (%).
The M/I, MV%, DOC% and UB% were 0.27, 86.59%, 0.87% and 0.30, respectively, which was concluded by evaluating the quality of pooled data from all accepted registries. The quality of data from urban and rural is shown in Table 1 .
Statistical analysis
The incidence (mortality) rate, age-standardized incidence (mortality) rate, constituent ratio and cumulative rate of cervical cancer were calculated stratified by age, sex and area of residence. The standardized population used the sixth national census population in 2000 and Segi's world population.
Results
Incidence of cervical cancer
In 2013, a total of 100,700 new cases of cervical cancer were estimated, accounting for 6.16% of malignancies in female patients. The crude incidence of cervical cancer was 15.17/100,000. The age-standardized incidence rates by Chinese standard population (ASIRC) and by world standard population (ASIRW) were 11.30/100,000 and 10.30/100,000, respectively, with a cumulative rate of 1.06% (0-74 years old). The crude incidence of cervical cancer, ASIRC and ASIRW were 15.62/100,000, 11.12/100,000, and 10.08/100,000 in urban areas, with a cumulative rate of 1.02% (0-74 years old), and 14.65/100,000, 11.47/100,000 and 10.54/100,000 in rural areas, with a cumulative rate of 1.11% (0-74 years old) ( Table 2) .
Age-specific incidence of cervical cancer
The age-specific incidence of cervical cancer increased with age. The increase in incidence reached a peak (33.33/100,000) at age of 50, but decreased annually (11.86/100,000) at age ≥85 years. The incidence rates of cervical cancer were higher in urban areas than in rural areas among patients aged <50 years. The incidence rates of cervical cancer in urban areas were lower than that in rural areas among those aged ≥50 years. The incidence of cervical cancer in urban and rural areas reached a peak at age ≥45 years (34.24/100,000) and ≥50 years (32.05/100,000), respectively ( Figure 1 ).
Mortality rate of cervical cancer
It was estimated that the number of deaths due to cervical cancer was 26,400 in 2013 and accounted for 3.21% of cancer-related deaths among female patients. The mortality rate of cervical cancer was 3.98/100,000. The age-standardized mortality rates by Chinese standard population (ASMRC) and by world standard population (ASMRW) were 2.76/100,000 and 2.62/100,000, respectively, with a cumulative rate of 0.29% (0-74 years old) in 2013. The crude mortality rate of cervical cancer, ASMRC and ASMRW were 3.85/100,000, 2.56/100,000, and 2.41/100,000 in urban areas, with a cumulative rate of 0.26% (0-74 years old), and 4.14/100,000, 2.99/100,000 and 2.87/100,000 in rural areas, with a cumulative rate of 0.33% (0-74 years old) ( Table 3) .
Age-specific mortality rate of cervical cancer
The age-specific mortality rate of cervical cancer was low over the ages of 0-29 years. After 30 years old, the mortality rate of cervical cancer increased gradually with age, and reached a peak at age ≥85 years (15.96/100,000). The age-specific mortality rates of cervical cancer in both urban and rural areas were not different at age ≥50 years. The age-specific mortality rate of cervical cancer in urban areas was higher than that in rural areas over the ages of ≥55 to ≥75 years. On the contrary, after age ≥80 years, this trend reversed ( Figure 2 ).
Discussion
According to previous studies, the trend of cervical cancer incidence remained consistent from 2003 to 2007. When compared with the year 2003, the crude incidences of cervical cancer in urban and rural areas increased by 70.03% and 51.00%, respectively (13) . In the present study, the crude incidence of cervical cancer in China in 2013 was 15.17/100,000 and the ASIRC was 10.30/100,000, which was higher than that reported during 2003 to 2007. Moreover, the incidence rate increased by 52.29% when compared with 2009 (ASIRC: 7.42/100,000) (14) . This could be explained by several reasons including aging of the national population, unhealthy lifestyles, and public health programs (15) . In addition, with the recent reform in China, national diversification of information, changes in ideas, and unsafe sexual behaviors may have led to an increase in HPV infection opportunities (16, 17) . Thus, the incidence of cervical cancer has been increasing annually. In order to prevent cervical cancer, the National Cervical Cancer Screening Program in Rural Areas launched by the government of China has been applied to women. Unfortunately, the large population coverage required and inequities of the technology yielded unsatisfactory benefits (18,19). Nonetheless, active prevention, early detection, and reasonable treatment are still important principles in cancer prevention and treatment (20) . The mortality rate of cervical cancer in China increased annually from 2003 to 2007. The mortality rate of cervical cancer in urban and rural areas was increased by 32.43% and 3.01%, respectively, in 2007 when compared to 2003 (13) . The results of this study showed that the mortality rate of cervical cancer in the national cancer registration area in 2013 was 3.98/100,000, and the ASMRC was 2.76/100,000. This mortality rate in 2013 was higher than that in 2009 (mortality rate: 3.28/100,000; ASMRC: 1.64/100,000) (14) . Research shows that it is reasonable for a high incidence to be followed by high mortality rates: with the advances in diagnostic approaches and health awareness, new cases of cervical cancer are more frequently detected at the early stage (21, 22) .
The incidence of cervical cancer in rural areas (3.98/100,000) was lower than that in urban areas (15.62/100,000); however, the mortality rate of cervical cancer in rural areas (4.14/100,000) was higher than that in urban areas (3.85/100,000). The high mortality rate of cervical cancer in rural areas may be related to the lack of medical resources, poor diagnosis and treatment conditions, low income, and treatment delays (22) (23) (24) . In addition, the high incidence of cervical cancer in urban areas may be associated with the rapid economic development, being more receptive to new concepts, and changes in sexual behavior leading to increased opportunities for HPV infection.
In our study, the incidence of cervical cancer peaked at group of age 45-54 years, and the mortality rate peaked at age ≥85 years. The incidence of HPV-positivity has steadily increased with age in China, peaking at 31-40 years (25) . The period from HPV infection to carcinogenesis could contribute to the age at which incidence peaked. The relationship between HPV infection and cervical cancer has been identified by several laboratory and epidemiological investigations (26, 27) . HPV vaccination in high-income countries resulted in dramatic decreases in the incidence of HPV infection and associated cervical diseases (28) . Our data could thus serve as guidelines to identify which patients as well as the proportion of those patients who would benefit from cervical cancer prevention and management efforts.
Conclusions
China is actively carrying out cervical cancer screening programs nationwide. However, the current incidence and mortality rates of cervical cancer continue to increase (29) (30) (31) . Targeting the cause of cervical cancer could help prevent new cases (32, 33) . The cervical cancer prevention and control strategies should be tailored to the local conditions in the urban and rural areas. Efforts to promote primary prevention of cervical cancer have been carried out in urban areas because of the high incidence of cervical cancer. The residents of urban areas may maintain a healthy lifestyle owing to the higher average education levels, and thus avoid risk factors of cervical cancer, thereby leading to a reduced incidence of cervical cancer. The high mortality rates of cervical cancer observed in rural areas require secondary and tertiary prevention programs, which involve early detection, early diagnosis, and early treatment, such as the National Cervical Cancer Screening Program in Rural Areas. Another approach is to effectively integrate urban and rural medical resources (34) . These methods could improve the level of public health and enhance the diagnosis and treatment of cervical cancer in rural areas. Moreover, these efforts count as tertiary prevention, which can extend the life of patients with cervical cancer and reduce cervical cancer mortality.
